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(54) MAGNETIC MATERIAL, MAGNETIC HEAD USING THE SAME AND MAGNETIC 
RECORDING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain yet superior high frequency characteristic, facilitate 
formation of a satisfactory magnetic domain structure which does not require heat treatment, 
improve high-frequency characteristic and magnetic recording capability and enable 
improvement in high frequency characteristic and high recording density of a thin-film magnetic 
head, in a magnetic head composed of a NiFeMo alloy. 

SOLUTION: In a magnetic material composed of Ni, Fe and Mo, a composition ratio of Ni, Fe and 
Mo is set with Ni of 77-82 at%, Fe of 15-21 at%, Mo of less than 6 at%, and magnetostriction 
constant Xs is selected so as to be in the range of -1 x 10~6<A,s<1 x 10-6. It is desirable that 
the composition ratio of Ni, Fe and Mo be so selected that coercive force He of this magnetic 
material be set He <1 Oe. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the magnetic material which consists of nickel, Fe, and Mo, it is [ ratio / 
composition / of NiFeMo / nickel ] under 6 atom % about 15 to 21 atom %, and Mo in 77 to 82 
atom %, and Fe, and is magnetostriction constant lambdas. Magnetic material characterized by 
choosing it as the range used as -1x10-6 <=lambdas <=0. 

[Claim 2] Coercive force He of the above-mentioned magnetic material Magnetic material 
according to claim 1 characterized by choosing the composition ratio of NiFeMo so that it may 
be set to He <=1 Oe. 

[Claim 3] The magnetic material according to claim 1 or 2 characterized by choosing the 
composition ratio of NiFeMo so that the specific resistance rho of the above-mentioned 
magnetic material may be set to rho>=20microomegacm. 

[Claim 4] Saturation magnetic flux density Bs of the above-mentioned magnetic material 
Magnetic material given in the claim 1 characterized by choosing the composition ratio of 
NiFeMo so that it may be set to Bs >=0.8T, or any 1 term of 3. 

[Claim 5] The magnetic head characterized for the configuration which has compressive stress 
for a magnetic pole layer by nothing and constituting using the magnetic material of a publication 
in a claim 1 or any 1 term of 4. 

[Claim 6] In the magnetic material which consists of nickel, Fe, and Mo, it is [ ratio / 
composition / of NiFeMo / nickel ] under 6 atom % about 15 to 21 atom %, and Mo in 77 to 82 
atom %, and Fe, and is magnetostriction constant lambdas. Magnetic material characterized by 
choosing it as the range used as 0 <=lambdas<=1x10-6. 

[Claim 7] Coercive force He of the above-mentioned magnetic material Magnetic material 
according to claim 6 characterized by choosing the composition ratio of NiFeMo so that it may 
be set to He <=10e. 

[Claim 8] The magnetic material according to claim 6 or 7 characterized by choosing the 
composition ratio of NiFeMo so that the specific resistance rho of the above-mentioned 
magnetic material may be set to rho>=20microomegacm. 

[Claim 9] Saturation magnetic flux density Bs of the above-mentioned magnetic material 
Magnetic material given in the claim 6 characterized by choosing the composition ratio of 
NiFeMo so that it may be set to Bs >= : 0.8T, or any 1 term of 8. 

[Claim 10] The magnetic head characterized for the configuration which has hauling stress for a 
magnetic pole layer by nothing and constituting using the magnetic material of a publication in a 
claim 6 or any 1 term of 9. 

[Claim 11] The magnetic head characterized by constituting a magnetic-shielding layer using the 
magnetic material of a publication in a claim 1 , 4, a claim 6, or any 1 term of 9. 
[Claim 12] The magnetic recording medium using the magnetic head given in either of the claims 
5, 9, and 11. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the magnetic 
material which has the feature in the composition for improving the RF property of the 
induction-type head which constitutes the compound-die thin film magnetic head used for a 
magnetic recording medium or magnetic tape units, such as a hard disk drive (HDD), etc., and an 
MR head about a magnetic material, the magnetic head, and a magnetic recording medium, the 
magnetic head, and a magnetic recording medium. 
[0002] 

[Description of the Prior Art] In recent years, in connection with a rise of the request of the 
miniaturization of the hard disk drive unit which is the external storage of a computer, and large- 
capacity-izing, record frequency amounts to 100MHz (108 Hz), and is utterly. The stratification 
is carried out in piles one by one at a series of coat process so that it can respond to high- 
density record in a pitch narrow to the writing from a magnetic-recording medium, and read-out 
that it is a usual state for the read head the write head for record and for reproduction to be 
separately arranged for the magnetic head which bears the writing of record data and read-out 
in such a magnetic recording medium, and for it to be united, and to be constituted, and it should 
correspond, and a gap may put a recording head and a read head in order that it is few and 
[0003] Such an up magnetic pole layer of the thin film magnetic head explains briefly an example 
of the conventional compound-die thin film magnetic head with reference to drawing 6 here, 
although the permalloy alloy of the nickel82Fe18 grade really formed with mask plating is used in 
many cases. 

Drawing 6 reference drawing 6 is the important section transillumination perspective diagram 
having shown typically the conventional compound-die thin film magnetic head. On the 
aluminum2 03-TiC substrate (not shown) used as the parent of a slider The lower shield layer 
41 which consists of a NiFe alloy etc. through 20aluminum3 film (not shown) is formed, aluminum 
203 etc., after forming the magnetoresistance-effect element 42 which consists of a laminated 
structure of NiFe, Ti, and NiFeCr etc. through a lower lead gap layer (not shown) and carrying 
out patterning to a predetermined configuration The electric conduction film which consists of 
Au etc. is made to deposit on the ends of the magnetoresistance-effect element 42, and the 
lead electrode 43 is formed. 

[0004] subsequently — again — aluminum 203 The lower magnetic pole layer 44 which serves 
as the up shield layer which consists of a NiFe alloy etc. through an up lead gap layer (not 
shown) is formed, etc. — moreover — aluminum 203 etc. — from, while forming the light level 
spiral-like coil 45 through lower layer insulation films (not shown), such as a resist, after 
preparing the becoming light gap layer (not shown) The up magnetic pole layer 47 of the 
configuration where formed the light electrode 46 in the ends, and the light pole 48 of **** was 
subsequently formed at the nose of cam through the up layer insulation film (not shown) which 
consists of a resist etc. is formed. Subsequently, it is aluminum 203 to the whole surface. After 
preparing a film and considering as a protective coat (not shown), The object for reproduction 
which used the magnetoresistance-effect element 42 by performing slider processing including 
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the grinding for cutting a substrate and adjusting the length of the light pole 48, i.e., the depth of 
gap, polish, etc., i.e., the MR head for a lead. The compound-die thin film magnetic head which 
composite-ized the object for record, i.e., the thin film magnetic head of the induction type for 
lights, is obtained. In this case, the magnetic flux generated by passing the signal current in the 
light coil 45 from the light electrode 46 will be led to the magnetic pole core which consists of a 
lower magnetic pole layer 44 and an up magnetic pole layer 47, magnetic flux will leak and come 
out of it outside with the record gap formed of a light gap layer in the about 48 light pole at the 
nose of cam of the up magnetic pole layer 47, and a signal will be recorded on a record medium. 
Moreover, conversely, the magnetic flux from a record medium can be detected with a magnetic 
pole core, a signal can also be reproduced, the width of face of the light pole 48 at the nose of 
cam of the up magnetic pole layer 47 turns into the width of recording track, and field recording 
density is prescribed by this width of recording track. 

[0005] On the other hand, the reproduction principle in an MR head uses the phenomenon in 
which the electric resistance of the magnetic thin film which constitutes the magnetoresistance- 
effect element 42 changes with the magnetic fields from a record medium, when fixed sense 
current is passed from the lead electrode 43. 

[0006] However, there is a problem that the shielding effect and magnetic-recording capacity 
over the magnetic field noise and drive magnetic field of the frequency of 10MHz - 10MHz of 
numbers in a magnetic-shielding layer, or the upper part and a lower magnetic pole layer in the 
compound-die thin film magnetic head decline greatly, and tend to cause poor record for an eddy 
current loss. This is for an eddy current loss's becoming large as it becomes a RF, and causing 
the fall of the record magnetic field strength by the skin effect. What is necessary is just to 
make specific resistance rho high, since an eddy current loss is in the relation between specific 
resistance rho and an inverse proportion in order to suppress such an eddy current loss. 
[0007] namely, eddy current loss We per [ which flows the magnetic substance when a coil is 
twisted around the pillar-like magnetic substance of radius t [m] and coil current is passed ] unit 
volume They are frequency and Bm about the radius of a magnetic thin film, i.e., thickness, and f 
[MHz] in tau [m]. When [Wb/m2] was made into intensity of magnetization and rho [omega-m] is 
made into specific resistance We =pi2, tau2, f2, and Bm 2/4rho ... (1), 

Since it is come out and expressed, if specific resistance rho is large, or if a radius tau is small, 
it is an eddy current loss We. It becomes small. 

[0008] Moreover, threshold frequency fg They are specific resistance and t about rho The 
thickness of a magnetic film, and mu 0 Space permeability and mud When it considers as the 
permeability of a magnetic film fg =4rho/(pi-mu 0 and mud, and t2) ... (2), 

Since it is come out and expressed, if specific resistance rho is large, or if thickness t is small, it 
is threshold frequency fg. It becomes large. 

[0009] However, since itself consists of permalloys of nickel82Fe18 grade, specific resistance 
rho is as small as about 20 microomegacm, and since it is really by plating formed by the 
comparatively thick film of formation, tau or t becomes large, and the conventional up magnetic 
pole layer 47 and the conventional light pole 48 are an eddy current loss We. It is surely large 
and is threshold frequency fg. There is a problem of surely becoming small. 

[0010] On the other hand, if thickness t of a magnetic film is made thin, it will be an eddy current 
loss We. It is small and is threshold frequency fg. Although it can enlarge, when it does so, the 
problem that the amount of total magnetic flux decreases will arise. 

[001 1] In order to solve such a problem, it is proposed that development of quantity rho 
magnetic pole material is furthered from the permalloy of nickel82Fe18 grade, have magnetic 
properties almost equivalent to a permalloy, and specific resistance rho uses the NiFeMo alloy 
film of rho>=20micro omegacm as a RF magnetic pole material (refer to JP,9-6301 6,A, if 
required). 
[0012] 

[Problem(s) to be Solved by the Invention] However, the NiFeMo alloy film concerning an above- 
mentioned proposal is magnetostriction constant lambdas. It is large by the forge fire exceeding 
5x10-6, and 180 degrees C - 300 degrees C heat treatment is needed for magnetic-domain 
control, and there is a problem that there is a possibility of having a bad influence on the 
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magnetoresistance-effect element from which this heat treatment constitutes the reproduction 
section formed before magnetic pole formation. 

[0013] That is, in order to make high the permeability of the magnetic pole layer of the thin film 
magnetic head, it is magnetostriction constant lambdas. It is necessary to make it small (if 
required work besides Matsumoto, "magnetic-recording engineering", 1 79, Kyoritsu shuppan Co., 
Ltd. ******). to near the nose of cam of a magnetic pole [ p. ] That is, magnetic flux can be 
spread by spin rotation in a hexagon-head magnetic domain by performing magnetic-domain 
control so that a hexagon-head magnetic domain may be formed to near the light pole, and the 
reversible magnetization process excellent in high-frequency response can be produced. 
[0014] Here, the case of the up magnetic pole layer of a conventionally general configuration is 
taken up, and the ideal magnetic-domain structure in an up magnetic pole layer is explained with 
reference to drawing 7 . 

Drawing 7 reference drawin g 7 is the plan of the up magnetic pole layer 47, and the 
magnetization direction shown by the arrow in drawing is wanted to flow back through the 
triangular magnetic domain 51 from which the hexagon-head magnetic domain 50 used as the 
main magnetic domain turns into a reflux magnetic domain which was formed even in the about 
48 light pole, and was adjoined and formed in the hexagon-head magnetic domain 50 as ideal 
magnetic-domain structure. 

[0015] As mentioned above, in order to raise the RF property of magnetic pole material, it is 
raise in specific resistance, and magnetostriction constant lambdas. Three points of minute-izing 
and magnetic-domain control are important, and it is necessary to skip the process which does a 
bad influence for the magnetoresistance-effect element which constitutes the reproduction 
section formed before magnetic pole formation of heat treatment etc. 

[0016] Therefore, in a magnetic material, the magnetic head, or a magnetic device, this invention 
aims at forming good magnetic-domain structure, without requiring heat treatment while it 
improves a RF property by controlling the composition ratio of NiFeMo. 
[0017] 

[Means for Solving the Problem] Draw ing 1 is explanatory drawing of the theoretic composition 
of this invention, and explains the The means for solving a technical problem in this invention 
with reference to this drawing 1 . 

[001 8] In addition, drawing 1 is the composition diagram showing the suitable NiFeMo 
composition range. 

In the magnetic material which the drawing 1 reference this invention becomes from (1) nickel, 
and Fe and Mo 15 - 21 atom % and Mo for 77 - 82 atom % and Fe under by 6 atom % [ the 
composition ratio of NiFeMo ] [ nickel ] And magnetostriction constant lambdas In choosing it as 
the range used as s<=0 or -1x10-6 <=lambda(2) nickel, and the magnetic material that consists 
of Fe and Mo It is [ ratio / composition / of NiFeMo / nickel ] under 6 atom % about 15 to 21 
atom %, and Mo in 77 to 82 atom %, and Fe, and is magnetostriction constant lambdas. It is 
characterized by choosing it as the range used as 0 <=lambdas<=1x10-6. 
[0019] The magnetic material chosen on condition that (1) among the above is suitable as a 
magnetic pole layer of the general write head of a configuration which has compressive stress. 
The magnetic material chosen on condition that (2) on the other hand is suitable as a magnetic 
pole layer of the write head of a configuration which has a tensile stress. 

[0020] When the magnetic material of high permeability which was excellent in the RF property 
by controlling the composition ratio of NiFeMo can be obtained so that the above conditions may 
be fulfilled, and an up magnetic pole layer is constituted from a magnetic material film of such a 
composition ratio, speaking of the magnetic material of the conditions of (1), the magnetic- 
domain structure near the ideal in which the hexagon-head magnetic domain was formed to near 
the point of an up magnetic pole layer is acquired. 

[0021] (3) Moreover, set to the above (1) and (2) and this invention is the coercive force He of a 
magnetic material. It is characterized by choosing the composition ratio of NiFeMo so that it may 
be set to He <=10e. 

[0022] Thus, coercive force He of a magnetic material By choosing the composition ratio of 
NiFeMo so that it may be set to He <=10e, the same outstanding soft magnetic characteristics 
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as a permalloy required for a magnetic pole layer can be obtained. 

[0023] (4) Moreover, this invention is characterized by choosing the composition ratio of NiFeMo 
so that the specific resistance rho of a magnetic material may be set to rho>=20microomegacm 
in either of above-mentioned (1) - (3). 

[0024] Thus, by choosing the composition ratio of NiFeMo so that the specific resistance rho of 
a magnetic material may be set to rho>=20microomegacm, the magnetic material of high specific 
resistance can be obtained from the permalloy of the conventional nickel82Fe18 grade, and it is 
We about an eddy current loss by it. It is small and is threshold frequency fg. It can enlarge. 
[0025] (5) Moreover, set to either of above-mentioned (1) - (4), and this invention is the 
saturation magnetic flux density Bs of a magnetic material. It is characterized by choosing the 
composition ratio of NiFeMo so that it may be set to Bs >=0.8T. 

[0026] Thus, saturation magnetic flux density Bs of a magnetic material By choosing the 
composition ratio of NiFeMo so that it may be set to Bs >=0.8T, it can consider as saturation 
magnetic flux density of the same grade as a permalloy, therefore record magnetic field strength 
of the same grade as a permalloy can be maintained. 

[0027] (6) Moreover, this invention is characterized by constituting a magnetic pole layer using 
one magnetic material of above-mentioned (1) - (5) in the magnetic head. 
[0028] Thus, using one magnetic material of above-mentioned (1) - (5), a magnetic pole layer 
and by constituting an up magnetic pole layer especially, the magnetic-domain structure near 
[ to / near the point of an up magnetic pole layer ] an ideal is acquired, and the thin film 
magnetic head or the compound-die thin film magnetic head of the induction type which has the 
RF property which was excellent with it can be realized. 

[0029] (7) Moreover, this invention is characterized by constituting a magnetic-shielding layer 
using one magnetic material of above-mentioned (1) - (4) in the magnetic head. 
[0030] Thus, by constituting the magnetic-shielding layer which puts a magnetoresistance-effect 
element using one magnetic material of above-mentioned (1) - (4), the shielding effect to the 
magnetic field noise and drive magnetic field of high frequency can be kept good, and the MR 
head for reproduction or the compound-die thin film magnetic head which has the RF property 
which was excellent with it can be realized. 

[0031] (8) Moreover, this invention is characterized by constituting a magnetic-shielding layer 

using the magnetic material of the above (1) or either of (4) in a magnetic device. 

[0032] Thus, the use of a magnetic-shielding layer is not restricted to the magnetic head, and 

can be used in magnetic-measurement equipment etc. also as a magnetic-shielding layer for 

shielding the external magnetic field used as a noise. 

[0033] 

[Embodiments of the Invention] Below in [the magnetic pole layer of the general write head of a 
configuration which has the 1st embodiment - compressive stress], although the thin film 
magnetic head of the gestalt of operation of this invention is explained, first of all with reference 
to drawing 2 or drawing 4 , the NiFeMo composition dependency of many magnetic properties in 
a NiFeMo (nickel-iron-molybdenum) alloy film is explained. Illustrating as the first embodiment is 
about the case of the magnetic pole layer of the write head which carried out the form where 
the antenna-like part which should serve as a light port was added to the five-cornered 
(configuration by which the triangle was added to one side of parallelograms, such as a square) 
vertex of the shape of the home base generally known. 

[0034] The NiFeMo alloy film in this case forms membranes with electrolysis plating used for the 
manufacture method of the usual magnetic pole layer, it is referred to as 1-3 micrometers as 
thickness, the magnetic field of 400 [Oe] is only impressed as membrane formation conditions at 
the time of membrane formation, and special processing is omitted. In addition, the composition 
ratio of the chemical to be used etc. is as having indicated the detail of the membranous 
formation method to Japanese Patent Application No. No. 22001 1 [ ten to ]. If outline 
explanation is given, a NiFeMo (nickel-iron-molybdenum) alloy film will be formed with 
electroplating using the plating bath which contains the organic acid which is the salt of nickel 
ion, Fe ion, Mo ion, a hydroxy acid, or a hydroxy acid, for example. In this case, concentration of 
the aforementioned organic acid under plating bath is made into 0.001 or more mol/l, and is made 
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into three to 20 times of the concentration of the aforementioned Mo ion under plating bath. 
D rawin g 2 (a) reference dra win g 2 (a) is magnetostriction constant lambdas. It is drawing showing 
the measurement result of a NiFeMo composition dependency, and is magnetostriction constant 
lambdas. The optical-lever method was used on the occasion of measurement. 
[0035] It is magnetostriction constant lambdas as nickel composition ratio increases so that 
clearly from drawing, and as Mo composition ratio decreases. If it falls, nickel composition ratio is 
set to lambdas =0 [ near the about 80 atom % (at%) ] and nickel composition ratio increases more 
than it, it is magnetostriction constant lambdas. If it becomes negative and nickel composition 
ratio becomes less than it, it is magnetostriction constant lambdas. It just becomes. 
Drawing 2 (b) reference drawing 2 (b) is about lambdas =0, and has a negative value. It is drawing 
showing magnetic-domain structure when Mo composition ratio forms the up magnetic pole layer 
1 1 with the NiFeMo alloy film of about 2.0 atom %. Copy the state where microscope observation 
of the result was carried out, using the BITTA method make the magnetic domain wall 1 3 of the 
boundary of a magnetic domain collect the colloid of an iron oxide, and so that clearly from 
drawing It was observed that it is in the state near ideal magnetic-domain structure even if the 
hexagon-head magnetic domain 14 is constituted to near the light pole 12 and it does not add 
special heat treatment. 

Drawing 2 (c) reference drawing 2 (c) is about lambdas =0, and has a positive value. Are drawing 
showing magnetic-domain structure when Mo composition ratio forms the up magnetic pole layer 
1 1 with the NiFeMo alloy film of about 2.5, copy the state where microscope observation of the 
result similarly depended on the BITTA method was carried out, and so that clearly from drawing 
there are few hexagon-head magnetic domains 14 as a whole, and a large majority of magnetic 
domains constitute by the triangular magnetic domain 15 — having — **** — things — it was 
observed and was not desirable magnetic-domain structure 

[0036] therefore, in order to form the up magnetic pole layer 1 1 which has good magnetic- 
domain structure, without adding heat treatment special [ for magnetic-domain control ] 
Magnetostriction constant lambdas It is necessary to choose the composition ratio of the range 
used as lambdas <=0 and, and is magnetostriction constant lambdas. When it is negative, when 
the absolute value is large Since a good magnetic domain is not obtained, it is necessary to 
choose the composition ratio of NiFeMo as the whole, so that it may be set to -1x10-6 
<=lambdas <=0 so that it may be set to lambdas >=-1x10-6. 

Drawing 3 (a) reference drawing 3 (a) is coercive force He. It is drawing showing the 
measurement result of a NiFeMo composition dependency, and is coercive force He. On the 
occasion of measurement, the VSM (Vibrating SampleMagnetometeroscillating sample type 
magnetometer) method was used. 

[0037] the range surrounded as the solid line so that clearly from drawing — He — < — since it 
is set to 1 [Oe], in order to obtain the magnetic film of He <=1[Oe] — 75at% — <=nickel 
composition ratio — <=83at%15at% — <=Fe composition ratio — <=22at%0at% — it may be 
necessary to be <Mo composition ratio <=6at% 

Drawing 3 (b) reference drawing 3 (b) is drawing showing the measurement result of the NiFeMo 
composition dependency of specific resistance rho, and 4 terminal method was used for it on the 
occasion of measurement of specific resistance rho. 

[0038] Although specific resistance rho increased with the increase in Mo composition ratio so 
that clearly from drawing, in the range shown in drawing, specific resistance rho was set to 
rho>=20microomegacm in all composition ratios, and it was checked that it can be made high 
specific resistance from a permalloy. 

Drawing 4 (a) reference drawing 4 (a) is saturation magnetic flux density Bs. It is drawing showing 
the measurement result of the NiFeMo composition dependency of rho, and is saturation 
magnetic flux density Bs. In the case of measurement, it is coercive force He. The VSM method 
was used like measurement. 

[0039] It is saturation magnetic flux density Bs so that clearly from drawing. It is set to Bs 
>=0.8T in the range shown in drawing although there was an inclination for there to be an 
inclination which increases with the increase in Fe composition ratio, and to fall with the 
increase in nickel composition ratio, and is the saturation magnetic flux density Bs of the same 
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grade as a permalloy. Being obtained was checked. 

Drawing 4 (b) reference drawing 4 (b) is nickel80Fe1 7.5Mo2.5 used as magnetostriction constant 
lambdas =-5x10-7, coercive force He =0.5Oe, specific resistance rho=47microomegacm, and 
saturation-magnetic-flux-density Bs =0.95T. It is drawing showing the measurement result of the 
permeability at the time of forming permalloy nickel80Fe20 in thickness of 2 micrometers. 
[0040] if nickel80Fe20 exceeds about 20MHz so that clearly from drawing — 
nickel80Fe17.5Mo2.5 although it will become 1000 or less if effective-permeability mu' begins to 
fall and about 40MHz is exceeded — nickel80Fe1 7.5Mo2.5 In the case, effective-permeability 
mu 1 is over 1000 to the range of about about 70MHz, and improvement in the permeability of a 
100MHz band was checked. 
[0041] In addition, mu" is invalid permeability. 

[0042] If the above result is summarized, in order to form the magnetic film of a good RF 
property with a NiFeMo alloy film a NiFeMo composition ratio — 75at% — <=nickel composition 
ratio — <=83at%15at% — <=Fe composition ratio — <=22at%0at%, if it becomes a requirement to 
consider as <Mo composition ratio <=6at% and safety is expected more 77at(s)% — <=nickel 
composition ratio — <=82at%15at% — <=Fe composition ratio — <=21at%0at% — it is desirable 
to consider as <Mo composition ratio <6at% 

[0043] Moreover, it is magnetostriction constant lambdas so that clearly from drawing 2 , in 
order to acquire the magnetic-domain structure near an ideal within the limits of the above- 
mentioned composition ratio. It becomes a requirement to be referred to as -1x10-6 <=lambdas 
<=0. 

[0044] furthermore, such conditions — in addition, the above-mentioned terms and conditions in 
order to acquire a good RF property certainly — adding — coercive force He, specific 
resistance rho, and saturation magnetic flux density Bs ******** — He — <=1[Oe] 
rho>=20microomegacmBs It is desirable to choose the composition ratio of NiFeMo so that at 
least one of >=0.8T conditions may be filled. 

[0045] Next, the form of the 1st and operation of the 2nd of this invention about the concrete 
composition of the thin film magnetic head using the NiFeMo alloy film of the composition ratio 
of the above-mentioned range or the compound-die thin film magnetic head is explained with 
reference to drawing 5 . 

[0046] In addition, the magnetic-substance film in this case is nickel80Fe1 7.5Mo2.5 used here on 
the occasion of measurement of the permeability of drawing 4 (b) although what thing could be 
used as long as it was the composition ratio which fulfills the above-mentioned terms and 
conditions. It used. 

[0047] Therefore, magnetostriction constant lambdas of the magnetic-substance film in this 
case, coercive force He, specific resistance rho, and saturation magnetic flux density Bs It is set 
to lambdas =-5x10-7, He =0.5Oe, rho=47microomegacm, and Bs =0.95T as mentioned above. 
Drawing 5 (a) reference drawing 5 (a) is the rough important section cross section of the thin 
film magnetic head of the induction type of the form of operation of the 1 st of this invention. 
First on the aluminum2 03-TiC substrate 21 used as the parent of a slider aluminum 203 A film 
22 is minded. 50-1 00A in thickness, 50A Ta layer, And by applying and carrying out patterning of 
the resist film, after forming the plating base layer (not shown) which consists of 1000A or less 
in thickness, and a 500A NiFe alloy The resist mask (not shown) which has predetermined 
opening is formed, and the lower magnetic pole layer 23 in which it is thin with electrolysis 
plating from nickel80Fe1 7.5Mo2.5 2.5-4.0 micrometers, for example, 3.0 micrometers, alloy is 
formed, subsequently After removing a resist mask, the outcrop of a plating base layer is 
removed by the ion milling method using Ar ion. 

[0048] By the sputtering method, 0.2-0.6 micrometers in subsequently, thickness For example, 
after making 0.4-micrometer aluminum 203 deposit and considering as the light gap layer 24, the 
lower layer insulation film 25 with which it is thin from a 3.0-4.0 micrometers, for example, 3.5 
micrometers, resist is minded. When thickness prepares and carries out patterning of the 2.5-4.0 
micrometers, for example, 3.0 micrometers, Cu film The light flat-surface spiral-like coil 26 
around which the connection of the up magnetic pole layer 28 formed behind and the lower 
magnetic pole layer 23 is wound two or more times, and the light electrode of the ends are 
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formed, subsequently Again, thickness forms the up layer insulation film 27 which consists of a 
3.0-4.0 micrometers, for example, 3.5 micrometers, resist, and covers the light coil 26. 
[0049] In addition, the thickness of the light gap layer 24 in this case becomes the interval of a 
magnetic gap, i.e., gap length. 

[0050] 1000A or less in 50-1 00A in thickness, 50A Ti layer, and thickness and a 500A NiFe film 
are formed one by one by the sputtering method, and a plating base layer (not shown) is formed, 
subsequently, subsequently After applying a resist layer, the resist mask (not shown) which has 
opening of the configuration corresponding to the up magnetic pole layer 28 by exposing and 
developing negatives is prepared, and this resist mask is used as a mask, with electrolysis plating 
The up magnetic pole layer 28 from which it was [ layer ] thin from nickel80Fe1 7.5Mo2.5 2.0-4.0 
micrometers, for example, 3.0 micrometers, alloy, and the point became the light pole 29 of **** 
is formed. 

[0051] After removing a resist mask, the outcrop of a plating base layer is removed by giving ion 
milling using Ar ion. subsequently, subsequently A substrate is cut, after preparing 20aluminum3 
film in the whole surface and considering as a protective coat (not shown). By performing slider 
processing including the grinding for adjusting the length of the light pole 29, i.e., the depth of 
gap, polish, etc., it excels in a RF property and the thin film magnetic head of the induction type 
of high recording density is completed. 

[0052] In the form of this 1 st operation, as the lower magnetic pole layer 23 and an up magnetic 
pole layer 28, since nickel80Fe17.5Mo2.5 alloy is used, it can consider as the magnetic-domain 
structure near the ideal in which the thin film magnetic head excellent in the RF property could 
be constituted, and the hexagon-head magnetic domain was formed to near the light pole 29 in 
the up magnetic pole layer 28. 

Drawing 5 (b) reference drawing 5 (b) is the rough important section cross section of the 
compound-die thin film magnetic head of the form of operation of the 2nd of this invention. 
20aluminum3 film 22 is minded on the aluminum203-TiC substrate 21 used as the parent of a 
slider, first, thickness The lower shield layer 30 which consists of nickel80Fe1 7.5Mo2.5 2.0-4.0 
micrometers, for example, 3.0 micrometers, alloy is formed. After forming the 
magnetoresistance-effect element 32 which consists of a laminated structure of NiFe, Ti, and 
NiFeCr etc. through the consisting [ of aluminum 203 ] lower lead gap layer 31 and carrying out 
patterning to a predetermined configuration, The electric conduction film which consists of Au 
etc. is made to deposit on the ends of the magnetoresistance-effect element 32, a lead 
electrode (not shown) is formed, and, subsequently the up lead gap layer 33 which consists of 
aluminum 203 is formed again. 

[0053] Like the form of the 1 st operation of the above henceforth on the up lead gap layer 32 By 
applying and carrying out patterning of the resist film, after forming the plating base layer (not 
shown) which consists of 1000A or less in 50-1 00A in thickness, 50A Ta layer, and thickness, 
and a 500A NiFe alloy The resist mask (not shown) which has predetermined opening is formed, 
with electrolysis plating thickness The lower magnetic pole layer 23 which serves as the up 
shield layer which consists of nickel80Fe17.5Mo2.5 2.5-4.0 micrometers, for example, 3.0 
micrometers, alloy is formed, subsequently After removing a resist mask, the outcrop of a plating 
base layer is removed by the ion milling method using Ar ion. 

[0054] By the sputtering method, 0.2-0.6 micrometers in subsequently, thickness For example, 
after making 0.4-micrometer aluminum 203 deposit and considering as the light gap layer 24, the 
lower layer insulation film 25 with which it is thin from a 3.0-4.0 micrometers, for example, 3.5 
micrometers, resist is minded. When thickness prepares and carries out patterning of the 2.5-4.0 
micrometers, for example, 3.0 micrometers, Cu film The light electrode which makes the light coil 
26 of the shape of a flat-surface spiral which rolls the connection of the up magnetic pole layer 
28 formed behind and the lower magnetic pole layer 23 two or more times, and its ends is 
formed, subsequently Again, thickness forms the up layer insulation film 27 which consists of a 
3.0-4.0 micrometers, for example, 3.5 micrometers, resist, and covers the light coil 26. 
[0055] 1000A or less in 50-1 00A in thickness, 50A Ti layer, and thickness and a 500A NiFe film 
are formed one by one by the sputtering method, and a plating base layer (not shown) is formed, 
subsequently, subsequently After applying a resist layer, the resist mask (not shown) which has 
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opening of the configuration corresponding to an up magnetic pole layer by exposing and 
developing negatives is prepared, and this resist mask is used as a mask, with electrolysis plating 
The up magnetic pole layer 28 from which it was [ layer ] thin from nickel80Fe1 7.5Mo2.5 2.0-4.0 
micrometers, for example, 3.0 micrometers, alloy, and the point became the light pole 29 of **** 
is formed. 

[0056] After removing a resist mask, the outcrop of a plating base layer is removed by giving ion 
milling using Ar ion. subsequently, subsequently A substrate is cut, after preparing 20aluminum3 
film in the whole surface and considering as a protective coat (not shown). By performing slider 
processing including the grinding for adjusting the length of the light pole 29, i.e., the depth of 
gap, polish, etc., it excels in a RF property and the compound-die thin film magnetic head of high 
recording density is completed. 

[0057] In the form of this 2nd operation, since the magnetoresistance effect element 32 which 
constitutes the MR head section for reproduction is pinch by the lower magnetic pole layer 23 
used as the lower shield layer 31 and up shield layer which consist of nickel80Fe1 7.5Mo2.5 alloy, 
it becomes possible to keep good the shielding effect to about 100MHz the magnetic field noise 
and drive magnetic field of a RF, and can expect making re-biodegradation ability high by it. 
[0058] Moreover, since the up magnetic pole layer 28 also uses and constitutes 
nickel80Fe17.5Mo2.5 alloy also in this case Since it can consider as the magnetic-domain 
structure near the ideal in which the hexagon-head magnetic domain was formed to near the 
light pole 29 and heat treatment after formation of the magnetoresistance-effect element 32 
becomes unnecessary by it, without heat-treating special RF record is attained not having a bad 
influence on the magnetoresistance-effect element 32 which constitutes the MR head section 
for reproduction, and maintaining a high reproduction output. 

The case where replaced with the configuration which has the compressive stress known by the 
general **** target which illustrated the flat-surface configuration of [the magnetic pole layer of 
the write head of a configuration which has the 2nd embodiment - tensile stress], next the 
magnetic pole layer of the write head as the 1 st embodiment, and it replaces with the 
configuration which has tensile stress is explained. Thus, what is necessary is just to prepare 
large opening into the pentagon explained in the 1st embodiment, if the magnetic pole layer 
which has tensile stress is illustrated simply. Below, a principle is first explained in explaining a 
detail. In order to form reflux magnetic-domain structure to the point of the light pole and to 
form the magnetic head with a good property, he must be conscious of the anisotropy produced 
in the direction of magnetic pole length by the elastic anisotropy energy. When setting to theta 
the angle on which lambda makes a magnetostriction and sigma, spontaneous magnetization, and 
tension sigma make tension, elastic anisotropy-energy E follows the following formulas. 
There is a thing of magnetostriction positive/negative as an E=-(3/2) lambdasigmacos2theta 
magnetic-head material, and tension has a tensile stress (sigma>0). Since an elastic magnetic 
anisotropy arises so that E may be made into the minimum, theta= 90 degrees turns into theta= 
0 degree by lambda> 0 lambda< 0. That is, in lambda< 0, an anisotropy is produced in sigma and 
the right-angled direction, and an anisotropy is produced in sigma and this direction in lambda> 0. 
Moreover, it changes with magnetic pole configurations, and works in the direction of magnetic 
pole length (the direction of y) in the configuration where a magnetic pole is long, and a magnetic 
pole commits the direction of a tensile stress crosswise [ magnetic pole ] (x directions) in a 
broad configuration. This is because a tensile stress works to the relatively longer one when 
length is geometrically compared with width of face. When the material of a right 
magnetostriction and a tensile stress is used so that clearly [ in the above-mentioned formula ], 
that what is necessary is just to use material which serves as a right magnetostriction in a 
magnetic pole configuration x>y, then when it is good and becomes x>y by short yoke-ization 
conversely, at this time, reflux magnetic-domain structure is formed to a magnetic pole nose of 
cam, and the magnetic head with a good property can be formed. By the way, what is necessary 
is just to make it the structure which prepared hollow in the center section of the magnetic pole 
layer, in order to change without the magnetic pole layer of the write head changing sharply the 
formation process of the shape of a general pentagon of having compressive stress so that it 
may have a tensile stress. 
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Drawing 8 reference drawing 8 is the ** type plan of the ideal magnetic-domain structure in 
connection with the 2nd operation gestalt of this invention, and draws the ideal magnetic-domain 
structure model of the magnetic pole layer of the write head prepares hollow and it was made to 
have a tensile stress. In the magnetic pole layer drawn on this drawing, although facies followed 
the form of the 1st operation gestalt fundamentally, since they prepared the centrum (back gap) 
in the interior of magnetic layer material, a tensile stress comes to produce them. Although the 
reflux magnetic-domain structure which consists of a hexagon-head magnetic domain and a 
triangular magnetic domain towards the magnetic pole nose of cam located in down [ in a 
magnetic pole layer and on drawing ] from a back gap is formed in this magnetic pole layer, 
propagation of the magnetic flux which the spin in a hexagon-head magnetic domain rotates, and 
contributes to record reproduction by forming a hexagon-head magnetic domain to a point in this 
way is performed with high speed and sufficient repeatability from a back gap to a magnetic pole 
nose of cam. In the example shown in drawing 8 , although generated from the back gap in the 
direction turned to at the nose of cam of a magnetic pole, tensile-stress sigma is adjusting the 
breadth of a magnetic pole layer, and the lengthwise length (the length to the direction prolonged 
at the nose of cam of a magnetic pole from a back gap), and since it can also be made to be 
generated in the direction of [ from a back gap ] a magnetic pole nose of cam, and the direction 
which goes direct, below, it explains this, quoting drawing 9 . 

[0059] Drawing 9 (A) and (B) are the ** type plans used as the example of observation of the 
magnetic-domain structure in connection with the 2nd operation gestalt of this invention. When 
Breadth x is shorter than longwise [ y ], the width of face of a magnetic pole draws (A) about the 
case of being longer, compared with the length of a magnetic pole, and on the other hand, when 
Breadth x is longer than longwise [ y ], the width of face of a magnetic pole draws (B) about the 
case of being shorter, compared with the length of a magnetic pole. Although the tensile stress 
generally worked to the relatively longer one when the length and width of face of a magnetic 
pole were compared, the magnetic-domain observation result under a car microscope was what 
supports this. That is, in the case of drawing 9 (A), it has checked under the car microscope that 
tensile-stress sigma arose in the length direction of a magnetic pole, and tensile-stress sigma 
has arisen crosswise [ of a magnetic pole ] in being drawin g 9 (B) on the other hand. Drawin g 10 
is the ** type plan of the magnetic pole layer of the write head based on the 2nd embodiment of 
this invention. The length of 45 micrometers and a magnetic pole can be set to 35 micrometers 
for the width of face of a magnetic pole, and it can use as a magnetic pole layer of the write 
head by setting magnetic pole layer material to 50NiFe(s) (right magnetostriction). Next, the 
embodiment in the case of using the magnetic pole layer of the write head shown in draw in g 10 
as a part of general compound-die MR head is explained according to drawing 1 1 . Drawing 1 1 is 
the ** type view (cross-section structure from a ** type plan (a), a magnetic-domain structure 
model plan (b), and a magnetic pole nose of cam (c)) showing the example of application of the 
compound-die magnetic head based on the 2nd embodiment of this invention. The common 
cross section of the compound-die magnetic head which unified a read head and the write head 
is carrying out a configuration like drawing 1 1 (c), if it draws typically. In order to eliminate the 
influence of the MAG of the circumference which becomes the hindrance at the time of reading 
the magnetic-recording information which prepared MR element which bears reading and was 
recorded into the magnetic-recording medium, a magnetic-shielding layer is prepared in the both 
sides of MR element. Furthermore, an up magnetic pole is prepared in the outside of three layer 
structures of this magnetic-shielding layer / MR element / magnetic-shielding layer, and this 
writes in. The composition of an up magnetic pole should just be a configuration as shown in 
drawing 10 . The plan which looked at the compound-die magnetic head shown in drawing 1 1 (c) 
from the top is as being shown in drawing 1 1 (a). Among drawing 1 1 (a), although a magnetic- 
shielding layer is prepared in the bottom of the up magnetic pole of the configuration shown in 
drawing 10 , a magnetic-shielding layer is larger than an up magnetic pole enough in this case. 
The length of a magnetic-shielding layer is 65 micrometers to the width of face of a magnetic- 
shielding layer being 70 micrometers to the width of face of an up magnetic pole being 45 
micrometers, and the length of an up magnetic pole being 35 micrometers. When patterning of 
the magnetic-shielding layer is carried out to a square, the magnetic-domain structure model 
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changes like the combination of a simple hexagon-head magnetic domain and a triangular 
magnetic domain, as shown in drawing 1 1 (b). 

[0060] Next, what is necessary is just to make it structure which is indicated by drawing 5 
according to having explained as an operation gestalt of the above 1st, in applying the 
compound-die magnetic head indicated to above-mentioned drawing 1 1 to the concrete 
composition of the thin film magnetic head using the NiFeMo alloy film of the composition ratio 
of the above-mentioned range, or the compound-die thin film magnetic head. Therefore, it omits 
explaining the process of drawin g 5 repeatedly here. In addition, although what thing was 
sufficient as the magnetic-substance film in this case as long as it was the composition ratio 
which fulfills the above-mentioned terms and conditions, same nickel80Fe1 7.5Mo2.5 as having 
used on the occasion of measurement of the permeability of drawing 4 (b) was used for it here. 
Magnetostriction constant lambdas of the magnetic-substance film in this case, coercive force 
He, specific resistance rho, and saturation magnetic flux density Bs It is set to lambdas =+5x10- 
7, He =0.5Oe, rho=47microomegacm, and Bs =0.95T as mentioned above. 

[0061] in the gestalt of another operation, since the magnetoresistance effect element 32 which 
constitute the MR head section for reproduction be pinch by the lower magnetic pole layer 23 
used as the lower shield layer 31 and up shield layer which consist of nickel80Fe1 7.5Mo2.5 alloy, 
it become possible to keep good the shielding effect to about 100MHz the magnetic field noise 
and drive magnetic field of a RF, and can expect make re-biodegradation ability high by it. 
[0062] Moreover, since the up magnetic pole layer 28 also uses and constitutes 
nickel80Fe17.5Mo2.5 alloy also in this case Since it can consider as the magnetic-domain 
structure near the ideal in which the hexagon-head magnetic domain was formed to near the 
light pole 29 and heat treatment after formation of the magnetoresistance-effect element 32 
becomes unnecessary by it, without heat-treating special RF record is attained not having a bad 
influence on the magnetoresistance-effect element 32 which constitutes the MR head section 
for reproduction, and maintaining a high reproduction output. 

[0063] As mentioned above, although the gestalt of each operation of this invention has been 
explained As a magnetic material which this invention is not restricted to the operation gestalt 
which gave [ above-mentioned ] explanation, and various kinds of change is possible for it, for 
example, constitutes an up magnetic pole layer etc. Magnetostriction constant lambdas of the 
above that it is [ and ] the range of not the thing restricted to nickel80Fe1 7.5Mo2.5 alloy but the 
composition ratio mentioned above, coercive force He, specific resistance rho, and saturation 
magnetic flux density Bs What is necessary is just the NiFeMo alloy which fulfills the related 
terms and conditions. Moreover, what is necessary is to be applied also to the independent MR 
head only for reproduction, and just to use the NiFeMo alloy which fulfills above-mentioned 
terms and conditions as an up-and-down magnetic-shielding layer like the compound-die thin 
film magnetic head in explanation of the gestalt of each above-mentioned operation, although 
explained as the thin film magnetic head or the compound-die thin film magnetic head of an 
induction type. Moreover, it applies also to any of not MR element of a common type but a GMR 
(huge magnetoresistance effect) element, and a spin bulb element, and the same effect is 
acquired. Moreover, the book which can reduce sharply the heat history in a write head 
formation process also to a ferromagnetic tunnel junction element The inside of two magnetic- 
substance films which participate in the magnetoresistance effect in a spin bulb element 
especially, Although the magnetic-substance film (called the "fixed bed" and a "pinned layer") of 
another side is being fixed so that the magnetization direction may not rotate to a magnetic field 
by making the antiferromagnetic substance (pinning layer) approach while one of the two's 
magnetic-substance film (free layer) can sense a magnetic field and can rotate the 
magnetization direction freely Since the magnetization direction in the case of giving no 
magnetic fields is appointed by heat-treatment, especially its need that unnecessary heat- 
treatment may distort in the different direction from the magnetization direction originally 
desired, and does not want to include a heating process into a process as much as possible is 
high. If this invention is applied to the formation process of a spin bulb element, since such an 
unnecessary heating process will be skipped, the magnetization direction becomes settled in a 
request, the effect that formation of the reliable or high detailed spin bulb element of the yield is 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_eije 



03/07/31 



11/11 ^— V 



possible is also acquired, and application of this invention to a spin bulb element does a desirable 
result especially. Moreover, in the gestalt of each above-mentioned operation, although explained 
as a magnetic material used for the magnetic head, it is not necessarily restricted to the 
magnetic heads and can use as magnetic-shielding material [ in / magnetic-measurement 
equipment etc. ]. 
[0064] 

[Effect of the Invention] Since formation of good magnetic-domain structure has chosen it as 
the value used as magnetostriction constant lambdas which becomes easy according to this 
invention, without acquiring the outstanding RF property in the composition ratio of a NiFeMo 
alloy, and requiring heat treatment Since it becomes possible to be able to enlarge specific 
resistance rho and to make a RF property improve sharply by it, without sacrificing other 
properties The place which can improve, and contributes magnetic-recording capacity to RF- 
izing of the thin film magnetic head and high recording density-ization, as a result contributes to 
the spread of highly efficient HDD equipment is large. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is explanatory drawing of the theoretic composition of this invention. 
[ Drawing 2 ] Magnetostriction constant lambdas It is explanatory drawing of the NiFeMo 
composition dependency of magnetic-domain structure. 

[Drawing 3] Coercive force He It is explanatory drawing of the NiFeMo composition dependency 
of specific resistance rho. 

[Drawing 4] Saturation magnetic flux density Bs It is explanatory drawing of the NiFeMo 
composition dependency of a permeability property. 

[Dr aw i ng 5 ] It is the rough cross section of the thin film magnetic head of the gestalt of 
operation of this invention. 

[Drawing 6] It is the important section transillumination perspective diagram of the conventional 
compound-die thin film magnetic head. 

[Drawing 7] It is the ** type plan of the ideal magnetic-domain structure in connection with the 

I st operation gestalt of this invention. 

[Drawing 8] It is the ** type plan of the ideal magnetic-domain structure in connection with the 
2nd operation gestalt of this invention. 

[Drawing 9] It is a ** type plan used as the example of observation of the magnetic-domain 
structure in connection with the 2nd operation gestalt of this invention. 

[ Drawing 10] It is the ** type plan of the magnetic pole layer of the write head based on the 2nd 
operation gestalt of this invention. 

[Drawing 1 1 ] It is the ** type view (cross-section structure from a ** type plan (a), a magnetic- 
domain structure model plan (b) f and a magnetic pole nose of cam (c)) showing the example of 
application of the compound-die magnetic head based on the 2nd operation gestalt of this 
invention. 

[Description of Notations] 

I I Up Magnetic Pole Layer 

1 2 Light Pole 

1 3 Magnetic Domain Wall 

1 4 Hexagon-Head Magnetic Domain 

1 5 Triangular Magnetic Domain 

21 Aluminum2 03-TiC Substrate 

22 Aluminum 203 Film 

23 Lower Magnetic Pole Layer 

24 Light Gap Layer 

25 Lower Layer Insulation Film 

26 Light Coil 

27 Up Layer Insulation Film 

28 Up Magnetic Pole Layer 

29 Light Pole 

30 Lower Shield Layer 

31 Lower Lead Gap Layer 
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32 Magnetoresistance-Effect Element 

33 Up Lead Gap Layer 

41 Lower Shield Layer 

42 Magnetoresistance-Effect Element 

43 Lead Electrode 

44 Lower Magnetic Pole Layer 

45 Light Coil 

46 Light Electrode 

47 Up Magnetic Pole Layer 

48 Light Pole 

49 Magnetic Domain Wall 

50 Hexagon-Head Magnetic Domain 

51 Triangular Magnetic Domain 



[Translation done.] 
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iB^-r— • KmSrS^am^-y K^fflco 

&T'«m%$&mm#fr • mauzm^ -yT-x 

tj:<iEmizm^<xiimvxmm^n^jz5iz. —mom 
mxnxm'AMtaxmB&fztix^z. 
[0003] comttmmmm^y \ i <D±mmmm^ 

-y*mz£K) —fofef&LtiN i 82 F e ig*©/t 

mzmmtz. 

m 6 a. vt&om.&mBmmm^ v y ^m^m\z^ vtz. 
^%&mm&mmx$> o . x5-fy-®t«:tft5Ai! 

O3-T i CIS (0^1±-r) ±(C. A I 2 O3K 
-a-T) ^LTN i F e-&&mfrt>UZ>-fffii/-)l'\:m 
4 1Sr^(t, AI2O3 *0>T«U— K^rv^JH (H 
^LTN iFe, Ti, NiFeC r©il 

[0 0 0 4] ^^T, ^CX, A 1 2 O3 ^<D±gPU-K 
^^•v^g ^LTNiFe&#f*^S: 

1*) ^UT5fe^tC*SiM©^-1' h#-^4 8^^ttfe^ 
^©±BKJSffiS4 7 ^iSlt^>. ^Ct^T, ^rffiJCA 1 2 O 

ft o Z. £ \z J: OBfllfittaS**^ 4 2 ^fijffl L-fcS^ 
ffl. BP'S, iJ-Kffl©MRA7Ht. sBSffl. in*-. 7 
-f hffl©iiiffl»IIgA7 K<h*ffl^kLAc«^S! 

iiiaA7 H^#bti-s„ ^-r s«S4 6 

^ufcji^ttTgi5iiffi84 4 t±^mmm4 7 

-^4 8jfi^{Ci5^T^-f h^-V-y^fCcfcoT^S 



(3) 

3 

mmzmm<$&»2nzz.iiizt£z>. mtz. $m 
m&frzomsti&mm^ rxmm oxm^^m^-r^ z 

tbX'ZZ>*><DX$>K). J:8$««H4 7<0jfc»©^>f h 
#—)l>4 8©H#h^-y^*g<hftD> COh7 7^^l: 

[0 0 0 5] MRA7 Ktr*3(t§S*MaH> U 

[0 0 0 6] L^L. 

KM-t>±ffi • TSBmffiJlfC&ttS. 10MHz 

-siomhz (Dmrnscoimms 1 x^mwmmznt 

We =tz 2 • t 2 • f 2 • Bui 2 /4 p 

r ^/h$ttn«ilB«tS«^We < ft -5. 

[0 0 0 8] Sfc, ISftMftfKtt. p£Jfc«Si, t 

fg=4p/(7t'M0 • #d • t 2 ) 

[0009] LfrL. &m<D±&m.mm4 nku^-i v- 

3j?-^4 8te. f-niWN igzF ei8«S©/\'-VD-f 
T«^$nT0^/!:S6tfcS*n:p^2 OjiQcmgSt'h 

[ooio] mtt^rojps 1 5»<i-nn »* 

i*tti*We fc/hS<. Pl-P. ISIF-H&Scfg £*€r<-T 30 
SCtA'tfSA', -E-^tSi:, ^®^»^'>ft<ft-5 

[0011] C©^ftP^£fl?&-r-5*:ae>SZ> N i 8 2F 
e i8#» A°--7 p -f «fc 0 Si p tt&&tt<Z>P89£ft<iI#> 6 tl 

U R-Z>. Jfcjgjn p rt* P ^ 2 0 w Q cmCDN i F eMo 

^&S£ zmm&mmtmii Lxm^zztofimmtsnx 

^* <&RfcStf. #W9-6 3 0 1 6^&$g# 
[0012] 40 
I5NiFeMo&M(t i&H^gcAs *«5 X 1 0" 6 
8 or~3 0 0t;©l£#lJi£i&g£U d©j&J&ga*, 

[0013] HI-&, *««SAy h*©affis©sfis^€- 
G&gft£fc£, ta*ft6*. rasmia^x^j .p. 17 
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ftoX. *fiSS*tc«fcSia»BBIIMSaE©fiTSffl<fc«) 
^©ilft^m^MffeSfflStt&fc^Kte. 

[0 0 0 7] ffl-fe. *gt Cm] ©ntt«itt#C3-f 
CWb/m 2 ) £BMt©»£. p [Q • m) SJtffittt 

• • • (1) 

■ • • (2) 

v-i h#—)Uttfo$iX?ifim&&mfS(.ZnZ>J:oiZ 

[0014] ci-e, se*— (RWft^w±8Pfi8ffi^© 

0 7 fit. ±fflHBffiJB4 7©¥ffiBrr?*D, MffJftBSE 
-;P4 8ifi«I^T(Cfe^fiESn. 

iz^x^x^tmit^^mm'r^z.tim^.n 
[0015] ±.m<D&?\z, Mmttm<Dmmm&&$:m 

mm&mm\zmfct£nzn£&&mi£Tz>m$i.&m%)m 

[0 0 16] Lfc*bT, *%93tt, 
7H. ma^HtrtJ^^T. NiFeMofflS^ 

fete, f*Mm&&Tzz\£te<£kti?temm.mm$:&f&.T 

[0 0 17] 

[gi^*)S»:T^fc46©#g] mi\t*mn<DWimwffi 
f$.<Dwtwmx$>D. z\(Dmi &mmvx*mw\z$>w2> 

[0 0 18] ft*5, ill! jifSftN i F eMoM 



(4) 
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(1) Ni, Fe, Rtf. MoA>6ft5Btttmi:«H 
T. N i F eMo©jfc&fi£it£, N i £ 7 7 ~ 8 2 

%, Fe£l 5~2 UgTP%. MoS6Sf%*iT. 

a^. bsj&bus at- 1 x i o-«^as^o t.ts.*m 

(2) Ni. Fe, RZf. Mofr*>te2>m&ttmz&^ 
T, Ni FeMoOMM. NiS77~82ff 
%, Fe&15~21gf%, Mo<£6J^ ; F%*i|T, 
flo. &^5£3&As **0^As^ 1 x 1 0- 6 £&58Sffl 10 

[0019] ±aa© ^ . ( i ) o*fl=T?atf 

Wtttt. Elft^ * 5M©-(SMftf 7 K© 
fi$ffiBtLT»igT*5o — (2) ©*ttTltftl 
^atttfjsf«, 31 o 3M 0 JS^J & WT 3 ffi^©*^ -v h* 

[0 0 2 0] lEOtta^JUtSftSfllCN i F e 

nfc»a«*©itttt»*»5 c ti«T?* , ao, d© 
a, «^.«, (i) o*fl=©att*r»Kt?v»T#A«, 

[0 0 2 1] (3) *5fil»tt. ±32 (1) (2) 

{Ci5t>T. «ttW»©fiH8*Hc He ^ 1 O e \Zte 
S±-5(CN i F eMo©ja^Jt^S^-r-5di:<&#m<h 

[0022] z\v>m\z. ffi.mm<D&mtiHc ha. h c 

glOel:a5<fc5l:N i F eMo©ffifigJt^ilJ?-r-5 
Cl<h{C±oT, MIDM4/t-7D^ iiHoin 30 

[0 0 2 3] (4) ifc, #5SWi. ±gB (1) ~ 

(3) ©l^-rn^fC43l>T. «tt«»©Jt«gtp*t, p 
§s2 O/tQcmlcaSi^lCN i F eMo©i£UjfcJt;£3 

[0 0 2 4] «tt*m©JtStftpj&«, P^2 

0tfQcml:a«±5l:N i F eMo(D®.l&ik&MVlT 
•5di:fC±-pT, «£*©N i82F ei8^©/1— VP-f <fc 

T. j®«««2c£We £/Jn$<. SO. KSIfdftgcfg 40 
£*#<-r-5 -5. 
[0 0 2 5] (5) *%Wl$. ±S3 (1) ~ 

(4) flHvrnjwc^T, «8tt«iisf©fiaftn8*?gSB 

s #*, Bs §=0. 8Tl;^5J;5l:NiFeMo©afi£ 

[0 0 2 6] £©*£{;:, Btt*tt*©fiftBj|£&ftBs 
*«, Bs ^0. 8TK&5±'3»CN i FeMoCDfififcJt 

*s*?-r-5di{c±oT. /t-TP-rti^ggw^fpfis 
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[0 0 2 7] (6) *jfc. *5SWa. ffl&t^ KKiJ(,» 

t, Bffi«£. ±ig (i) ~ (5) ©^-rn^wettw 
[0028] ±te (i) ~ (5) ©urna* 

•5d<htC±oT. ±ffB«M0ftjtffifitt&T9flfi:& 
[0 0 2 9] (7) *5EWtt. HCiH 

t. m.m.z/-)vvm&* ±ge <d ~ u> ©i»rn*> 

©«tt*m*^T«l«Lifc£«h£#»fc-rs. 
[0 0 3 0] £©«fc. ±12 (1) ~ (4) ©Vi-Ttl^ 

-;UKB£#lerr-g>d£{;:±oT. «JliSIS:©m* y-f 

[0031] (8) sfc, eagic*^ 
t. «a->-^h*jis. ±ta (i) (4) ©n-rn 

[0032] z:©«£»c, «st->-;i/KJl©fflJifi«a's 

*nt- y-f ;n*-r*fc«>©« 

[0 0 3 3] 

tt. 0 2 7I»S04£#HgLT. NiFeMo (n-y^r^ 

-t-t'jy^) f#fi&«!|#tt©N i 

FeMo»8ftStt&»Wt5. ^-©H)5£|g«<t LT 

[0 0 3 4] :««^©NiFeMo&Mli ffl^© 

-O*8tLfc*>©-e*0. MtfffcLTtt. l~3Atmi 
U fi£l*tttLTIl j5£l»9$f;: 4 0 0 (Oe) ©fi8» 

is. ffiffl-r$^D D n©iififi£lt^, tO«*S©l¥li:o 
^Tfi. 10-220011 ^»Cg2«LTl»-5ii 

DtfeS. «KlftWrntf. mX\i, Ni-ft>tFe 

^otSCiONiFeMo ^rJU-jft-^E 'J 



(5) 
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tiVUt&mmiiO. 0 0 lmo 1 / ! J^±<hL, 56o# 
»4 , <0^KMo<*><D«S<Z)3~-2 Of^cfr^o 
0 2 (a) #flg 

02 (a) tt, S8$^»As WNiFeMoMftfftt 

[0 0 3 5] H^eWSd^ctpK, NiJftriUfcrt***. 

As *ftTL. N i flU&Jtfttftl 8 0 (at%)iS 
miZ&^T, As = 0 iZU 0 , N i«riEtfc*«^n«fcO* 10 

02 (b) #Bg 

02 (b) As =0jfi^Tjao, Htf>ffi£;&U M 
offlfifcJt**»2. Ogf%(ONiFeMo&Mf:J:o 
T±gge®Bl 1 S»lSUfc»S©Bgias*tBT 

SWKy^-ftSJB^ bfctt 
0 2 (c) #J£ 

0 2 (c) tt. As =0ifi^-efi^, lECDM^U M 
offijjfcJt**£j2. 5©NiFeMo^Mf:J;oTi» 

sail i t»j«L&»&©«K«ijB*«-rHT*o. 

aAIK 1 4&'J>fc< % ^^SSc(0«Kd*Hft«K 1 5 H 
[0 0 3 6] L&^T, KK»JW©fc*(O4*ac0jRffl 

As *«ft<Z)*^fct), -€-<Ott»tt*^€?l^»^^tt, & 
fff^jSE^I^tl^l/^t, As ^- 1X1 0" 6 £:£:£ 
£51::, gp^, ±te£LTfr4, - 1 x i 0" 6 ^As ^0 
tfc&kolZN i F e Mo <D&jfclt$:mVl'rZ>ZLizi!fii& 
Mch^^o 40 
03 (a) #flg 

03 (a) H, ftS^jHc (DNiFeMoa^feSttO 

VSM (Vibrat ing SampleMagne 
t ome t e r : filbttftSHK^fff-) ffi£/fH>£:o 
[0 0 3 7] H*6B6*&J:5i:, SSlreHAy«*SH 
He <1 (Oe) £f£Z><DT\ He ^1 (Oe) (0 

7 5 a t %^N i jfi/Sit^ 8 3 a t % 

1 5 a t %^F efflJ5fcJfc^2 2 a t % 50 
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0 a t %<Mo£af£it^6 a t % 

03 (b) mm 

0 3 (b) ti % ttmtfip(DN i F eMo^&#ftoaiJ 

je»***-rHT*o, tfc««po)ajt«>iBKi4, 45s 

[0 0 3 8] H*6W6#ai5l:, ItgtapteMoffi 
J«Jt«)iillIttt>Kif Jn-r*3W, Htd*Lfc«Hfc*^ 
Ttt, ^TOffljffiJt{C45liTJtfi8iptt, p^2 0mQ 

04 (a) 

04 (a) te. ggfiJ^JfcggSBs CDp(7)N i F e Moffi 

v>mm<Dmz\^ ^mtiuc omfetmrnz* vsms 

[0 0 3 9] H*6W5*ftJ:5l:, ffiftlKjf£$ftg£Bs 

B^^LfcttH^*3^iTtt. Bs ^ 0 . 8T<h£t9. A° 
-VD-f tR8fl[©fi««BS:««Bs Wff6n5^t*« 

04 (b) #JH 

04 (b) fj, »Mffi»cAs =-5X1 0" 7 . ««^JH 
c =0. 5 0e, tfcjgfexp = 4 7 /zQ cm, ffiffiKjggg 
j^Bs =0. 9 5T(!:^, N i g 0 F e 17.5M02.5 <h 
isoF e2o£JP£ 2 a mlCJ^ISt, 

[0 0 4 0] i^^Se.Mcfc'Sl:, Ni8oFe 2 o^ 
2 OMHz^ix^tN i goF einMou cfcDH^J 
mm&u' A«fiTLtti;»» ?J40MHz^§ < !:1 
0 0 OJKTK&^t^ N i 80F e 17. 5M o 2. 5 co*^tc 
14, »7 OMHzgg0iI^T*«B$M' *U 0 

0 0$iiT^0> 1 0 0MHz^C0S^^<O^l±^ 

[0 0 4 1] m" 

[0 0 4 2] £t_tOj»«:&*t«)Si:, NiFeMoft 

NiFeMoMM, 
7 5 a t i *&J5£it^ 8 3 a t % 

1 5 a t %^FeMtt^2 2 a t % 
Oat %<M o m&lt^ 6 a t % 

7 7 a t i mf&tt:^ 8 2 a t % 

1 5 a t efflj«Ji;^2 1 a t % 

0 a t fc<Mo«fifcJt<6 a t % 

[0043] ±sa©jftj*it(^feHrt^*5ViT, a 

«55£»As 
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- 1 X 1 0' 6 ^As ^0 
ttsci ifi&Wjktt <h ft £ . 
[0 0 4 4] ZZiZ. ^O^ft^K^X. JUtfftK 

mfoft&zmmzmzrzibizit, ±ga©i#&frtcijn*., 

«a^3Hc . JtfiStp. fttf. §Sft«3S!6flEBs 
X, 

He ^1 COe) 
p^20u£)cm 
Bs ^0. 8T 

<DiH0)>pfc<£>bl-Z><D$ifr$:ffifz-t-£.?lZN i FeM 10 
o ©tt«Jt*i8«"r* :i#itLl>. 
[0 0 4 5] 5fcfC, ±I2©®B©i&J&H:©N i FeMo 

. v H©ft*W»efiKn-r**56W©SB 1 Rtffg 2 ©#«£ 

[0 0 4 6] ft*, C©«^©Htffi(l. ±82©lt* 

iTii, 04 (b) (Dmmmowfifeomzm^xiN i 8 o 

F e 17.5M02.5 £ffi(/*ft. 

[0 0 4 7] lfc*ioT. £©«£©«ttflcK©«®£ 20 

acAs . ««s^Hc , jt«etp. at*. &mm$L®&B 

s tt. _kiE©#M;:, As =-5X10 " 7 . He =0. 5 
Oe. o = 47jiQcm, Bs=0. 95Tift-5„ 

05 (a) mm 

@5 (a) «. *mm<D%ii<DMte<Dmm<Dmmm<Dm 
Kag'xv K©*»«fte»wffiBT?*0, *-r. 

<^-©Sft:tft5A 1 2 O3-T i C**£2 1 _tiZ. 
Ah OjI2 2S:^-bTj?$ 5 0~1 0 0 A, 
tf, 5 0 AOTai, PS 1 0 0 0 A£/,T. #J*. 

tf. 5 0 0 AON i F e^5^^7*^-Xl 30 

9— —y y-$z>z\t.\z&-DX. mi£<»ffla&$:ft-?z>u 

£0fi£U «#M-y 
oTlSft 2. 5~4. 0(im, Mz.it. 3. Ojim 
©N i 8oFei7.sMo2.5^-^6ft-5Tg6effie2 3 

Xg©gffigB^^*f «. 
[0 0 4 8] #;^X. XA-y^'J >i/£{;:J;-pXJP£ 
0. 2~0. 6 Mm, #J*J£. 0. 4Mm«Al!OjS: 40 
««StT7-f h^t77'I2 4tLt«)^ 1 JPSrflt, 

3. 0~4. 0 «m, Mitt, 3. 5/tm(»l/i/7,h!i> 
eft^TgB«r B 1*e«:l»2 5^LT. J»£t5<, 2. 5~ 

4. Ojim, {SSJAtf. 3. 0 nm(OC uBISrtgtt. 

8 tTMII 2 3 <D&WcB&m&®&< 7 

;MK©7-f hn-r;u2 6S:^©i^s©^-f 

fifcU *l»X. Wtf, 3. 0~4. 0/im, fi»J 

Afcf, 3. 5 /im0l/yX M^&^±»llfi»l2 
7«bT7<h3^^2 6^i«t5. 50 
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[0 0 4 9] ft*5, d©*^©^ F^t7 7*l2 4© 

&%**v7<Dmm. bps. ^t-v^st* 

-5. 

[0 0 5 0] #I^X. J?£ 5 0 ~ 1 0 0 A. #J;Ui, 5 
0 A©T i Jf . RZf. JP£ 1 0 0 0 AJ&TF. fllAfcf, 5 
0 0 A©N i FeKSAA'y^U >^fe(rJ;oT«i^Bjc 

I/^X m%-mmrz>z\iiiz^ 

X, ±«ii2 8t;^t5»«OiOgf^t5l/ 
yXh?X^ (0^-t*"T) iOl/yXhTX;? 

£-7X?<hLX. W^y+SCioT. JP£#«. 2. 
0~4. Oxim, #J;U£. 3. 0 Mm©N i 80F e 17.5 

9 1 ft -p t^±.m&mm 2 8 *. 

[0 0 5 1] *t»T. PyXKA^^ilfcOS. 
;* -y^— X®©^ttJg&£:R&5feU Jfct^X, £ffi»CA 1 
W»rU h*-;U2 9©g£, BP'S. *t«^S3 

©«WS©»«t«a^y K**3&*T*. 

[0052] c©»i©*«©»*K*i»T»i, Ttssss 

M2 3&ri±g61M2 8tbT, NisoFensM 

ta^yH*iiiJtSui*«T*. *ft, ±Mmmm2 

8C*5V>Ttt. 7-T htf=-JW2 9©i£^ST/NftmiSAi 
15 (b) #M 

0 5 (b) tt, 2 (Oilrof i»l^S«l 

F©*H5«ftgaWrBHT»D. ST. 
^ — ©SftiS-SA 1 2O3-T i CS1K2 1 _kfc. A 1 
2O3H2 2£^LXJ¥£#, 2. 0~4. 0/*m. 
tf. 3. 0 fira©N isoF e 17.5M 02. s^&^bft-S 
T«->-^ KJi 3 0 £RW\ A 1 20jA»6ft*©T»'J 
-H*t7yi3 1^LTNiFe, Ti. NiFe 

f 3 2©WSiKAu»*^ft**«BiS*t*$-a:T'J — 
F«H (0^-a-T) *Jgj«U #t>T. St/. AI2O3 
^6ft-5±gB'J- F^-yT'lf 3 3 
[0 0 5 3] Kim*. ±E©»l©HJ6©»»tW« 
tC, ig5U-h^t77*I3 2±tr, Jp£50~100 
A, Wltf, 50A©Tal. Rt/, JP£ 1 0 0 0 At* 
T, ^JA«, 50 0A©NiFe^^W/7^ 
-XB (07K*»-f) ^^Lfe©^, I/-/XH5I* 

TJI/yXSvxf (0^-ti-T) *^^-y* 
telC.fcoTJPS^, 2. 5~4. Ow «WJA«, 3. 
0 jim©N i 80F e i7.5Mo2.5^-#^bft-S±gP~>— 
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[0 0 5 4] ^f. X/^-y^U >^&(ZJ:oT^$ 
0. 2~0. 6nm, 0iJ;Ui. 0. 4 £t m<DA 1 
*t«$«7'f N^t7yi2 4iLfc©%. JP£*t. 

3. 0~4. 0«m. mz.il. 3. 5 /LtmCOU-vX 
Sfc:£TSBJSfSjiSgi*IBl2 5^LT, JPS*t. 2. 5~ 

4. Ofim, #Ix.t£. 3. 0 MmCDC u^^r^tt. 10 
— ~>{tt SCtCioT, «(C®fi£-r.5±^eSS2 

8 £TflH8«M 2 3 0«ttffi£ttftei«< ¥SiX/W 7 

£JE5s£U -A^T. HZf. 3. 0~4. 0« 

m. MUlf. 3. 5 (tm<Dl/-/X hJ&>6fc:-5±g&li|SHg 
^2 7^^BfclxT^-r bZl^)V2 6^ftS-T-5<. 
[0 0 5 5] ^HT. Jp$5 0~100A. 5 
0A©TiI, f$l 0 00AHT> «xll 5 

0 0 ACDN i Fe^*X/t y^U>^StC«fcoT)e^ 
iLT^^^-Xi (Bl^ti-r) £JE5f£U *HT-. 20 

Xi7itT. |g/7*Sl;J;of, JPSflt. 2. o~ 
4. 0/im. 0!I*Ji. 3. 0 MmCDN i soF e 17.5M0 
is^*»5&0, jfcSSgfoWgaflO^'f h/J?-JU2 9 t 

[0 0 5 6] ^T, l/yXhVXi'^SU^. 

*y*^.-XlfcDgai35£l&3cU Jfct»T. £®fCA 1 30 

lom&m-tT&mm (0*-t2-f> tim. sts* 

[0 0 5 7] Z.<DWi2CDnM<DMmiZ£i^Tli±, 

so F ei7.5Mo2.5^-^^?5:-5Tgg->— 1 &. 
±S ->->H* ■ £ & * TSBfilffiJi 2 3 1C J; o T^Jt L 

Tt^coir, 1 0 omhz iSLm<Dmm&<Dmms-( x^> 40 

[0 0 5 8] ZL<Dm-£HZb. ±aHtt«B2 8feN 

1 soF ei7.sMo2.5-o-#:^rffltiT^fi)cUT(ri-g.or)T, 

'&<D&Mmw*miztez<D-e, ^©mr^-^ ksb£: 
fcjfc-rseaistrtas**^ 3 2 Kigi^^Rtrrc: 50 
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1 W*»£li«l£LT«»J^Lfc$D#— &#3lZ%\e>nZ>E£ffi 

zmmmzmmizm^Tzt. mKDmmmm^mi^ 
fzs.&&(D'piz±z^mn%i$:mi-tniz&.\,K mm&m 

iz «t 9 fi&«g#ifi] k ± c * £ «^ l & »t n 
&-r a* 0 t-r-s t*?nttaa*tti*;^- e a. 

E = - (3/2) A ocos 2 6 

2/te3loflDl£;>J (a>0) SrfcO. E £S/J\<fr-5 <fc 

A<OT?tt0 = 9 0° 
A>O-7J«0 = O° 

<h£t<5., o£9A<0^tea<hii:^fat;:g;frtt££ 
A>0TfSai:R^lCS7jf4&^i;-5„ Sfc. §1 

^T'«^ffiS*(Sj (yaffil) «ffi*i*SfAUig 

«T-fsms*s^rsj (x^isj) izm<. z\n\3.&mw\z& 
ziim&tt^fcm. teMmz&^jjiz^-DmvmtiJjm 

<?><=> T:&3„ ±$ttlzTW<bfrteJ:?\,z. JEffimfr-Z) 

yti-na^<, mzms-zitiz&io x > y t&snt 

KSrJg^T^-^. ti^T, KOIiil 
0 8#Bg 

BlSfi^ *^?»irom2©||ig^(c^^t)-5S«MaE 
-hco T7j f6] l^ifiT -5 ffi5ffi5t Wt \Z |S] ^ T * ftfi3 E <h = M 
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ate. A--y^^^-y^6mS5fe«t(6l^fc^^*i; 

[0059] §9 (a) (b> te. *mw<Dm2<nnm io 

f£tmc;!>^fr3^£8ti£©S*#J£ft3^5U:ffl0T& 

3. (A) te. m$ax&m&2y£Q*>& [ <^&^ *fc 

TfS^fcfeOT^O. -*< (B) te. «4>Sx^iEfi$ 
y=t0fefi^«^r. T&*o*.ESffi©<|iI*«ffi©ft£Kit 

£©C<h£*iWSfc©-e*-?*:<. Tfcfc^. 09 
(A) BfficDfiS/jftKSIoSfiDjS^a^ 20 

-*i9 (B) <?)^^-tI«, SBffiWigyjftKSIo 

ire^fc. giioii 2^%H^cD^2cosissfiiittcXo*< 

5 pm, BSCDft$£3 5 //m<hU llltffi*5 0 
NiFe (lEffiBM) iLT, W&^y F©B1SJf <t IT 
ffl^5^t*iTf#-2.» 01 OK^-fS&^y K© 

m®«£-Jt£W&?g^SMR^-y Ftf>-3BibTffltA-5 
*£©**S«Mf£01 Urbfc^oTUiB^T^o 0 1 1 
te. *^«m2(7)*)!i6^#(r»o*<a^S!mm^-y K 30 
coMffl^l^^-r^S («5£±ffi0 (a) tSSEtftifi^ 
^U±ffiE (b) iJSffi^^bWKfffi^it (c) ) T? 

K©-«Wfc*riBBte. «5SWK:«mi. 011 
(c) ©i^aM*l/TH5. tt*fi5MR$fS; 

■t z>tz.mz. ®a->-;i' KiMR*f ©wttKiM* 

;PK)ifi!>=Ji«!jtO^«C±W»«*»tt. Z\tX\Z&K) 40 
#&£fT?. ±gBffi&ffi©*Sfi£te. 0iOi:^lfcJ;^& 

•y F£_tfr<=>Jifc¥aii0te. 01 1 (a) C^tlOT- 
£-5. 011 (a) «f. 0 1 0 iz*;-T&#i<D±.3MMV> 

fficfcO t>«« K If ±«««©«* t 
4 5 »m-C**©»C#bT««->--M'FJi0>«»*7 0 /x 
mT^D. *ifc±fiHBtt©fiSa<3 5 (tmT^Sroil^ 
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[0 0 6 01 *1:. ±E<0«fflK>a«lt©N i FeMo 

wr*;i<t»4#<. ro*§©«tt#itt. -tie 
cctit 04 (b) cosm^atecD^tcffliifc 

©tl^UN i soF ei7.5Mo2.5*fflV>fc„ i©*^© 

tf. Bs te. ±te©<£K. As =+5X1 

0'\ He = 0 . 50e, p = 47/iQcm, Bs = 
0. 95Tt&5. 

[0 0 6 1] »J©*J6©#l8K*Jt»Ttt. B4ffl©MR 
"sy |*»£#|JST5«««#t3&** ; i ! -3 2 £N isoF e 
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©T, 1 0 0 MH z fi§0^)l«©«l / 4 1 X^Ill 

[0 0 6 2] C©«^Kt>, ±gBfiBM2 8*>N 

isoF en.sMot5^*fflV»T«B6UT^a©-C. 

^is&m&ifi&fczntzmMizj&^m&MT&t'tzz. 

tASTt. -etXtJcoT. a^iS*i^*T3 2©^ 
1t©J?SMSrt^^K&£©"^ ff£ffiCDMR'\-y Fg&£ 

[0 0 6 3] «.k, *f£W©&*J6©;Bf§£I8 B y1bT£ 

tt^<SS©^M^pItg-t i fcO, 0iJx.te. _ttH$fi&®»^ 
gllStSffiOTtHB. N i 8oF e 17. 5M02.5 

7?. IO, J:K©«£l£RAs . SUB* He . JtSSi 

p. aof, «a»«5tE«KBs KBB-rsa^frs'wfcTN 

lFeMo§ftf*tlB!fiK ±ie©#*iS©0 

iJfiroMRM H»C ! b®ffl$tl'5 ! b©T*0, ffi^-S* 

±ai©aS^frSr^fcTN i FeMo^SrfflV^tl^ 
$7t. Ti*S©MR^Tf«^<> GMR (g^cfiS 
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*«UT«fl:*iai*aftiaite"iiBTf»*— <a*ojs 

H t>fiB«£-^*.& t>*§£cDSH ttfinJRfflHK: J; o T 

tt:/n-fcx<f fcinaxaS:#«6fc < &n <t n 3HgM7W# 
irSStn *^$rx t>/N*;py*^Fco^figyD-trxfzM 

l&ffcTj [6]#j9r MIC5£ S 0 . ««ft*iS5 tr > & £ ir > tt$*S 9 

»ss e > a* n,ym=Hfimtii nsm t ^ -5 t> f# 

Xtf>A*^^*T^CD*%B^<7)iiffltt#fC$fiL. 
[0 0 6 4] 

mmo&m] **wc«tn«. n i FeMo^©a 
ts^t&< &wttmu.mT&<DMj&tf®%,\ l zti.z>mmj£ 

5®T> ®«K^Hg^*[6l±-r-5C:<h*tT^, liil 

w&mmt. mmm^mt\zm^. m^xit. 30 

[0ffi©ffii|ifciBl§in 

(0 1 ] *fSWOSaW««©lllWHT?»*. 

[0 2] «SS£8Us <h®E#ti£©N i FeMoWgc 

[03] GMBtfjHc itbStapCDN i FeMoMM 

[04] gaftHS&jg&ffiBs tll$#tt»N i FeMo 

iM5] *&w<D^m<DMm<D&mmn'^y\ i <Dmmffj 40 
[0 6] &m<Dm&mmwmta.'\y wmwmmmmm 
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^jtc7)«^:±E0-e* -5. 

[0 8] *%w(DWi2<DmM&mizfrfrtjz>wmmf&& 

StUfiai t ft -5 gliSLb II v & -5 . 
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2 9 7-f 

3 0 T»->— ;i/KB 

3 1 T«'J — H^+vT'JB 

3 2 Bgffittfi^^ 

3 3 igBU-F^^y^B 

4 1 T«->— ^KJB 

4 2 atfi^lff 

4 3 U-Kmffi 

4 4 TMSI 

4 5 7-f h3-f;l/ 
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4 7 -tg&filffiJi 
4 8 )U 

4 9 W 

5 0 -Kftm& 

5 1 EftlE 
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